Abstract. In the Yellow Sea and the Bohai Sea, the five layers tidal currents fields of M 2 , S 2 , K 1 and O 1 constituents were computed hourly in a period based on the three-dimensional model established by Jan O. Backhaus. The computation results indicate that three convergent and divergent regions of tidal currents exist in the junctures of four semidiurnal tide wave systems, and one exists in the juncture of two diurnal tide wave systems. The convergence and divergence of tidal current constituents are the probable cause of dissimilarity between the tide type and tidal current type.
Introduction
The Yellow Sea and the Bohai Sea are shelf seas along coast of China, where the energies of tide and tidal current are large due to the influx of Pacific tide wave. The tide and tidal current are important processes which affect the distributions of temperature, salinity and the feature of circulation. Understanding the characteristics of the tide and tidal current in these sea areas are important for the safety of port and harbor construction, mudflat aquaculture, marine activities, etc.
In the past decades, there are many numerical studies [1] [2] [3] [4] [5] on tide and tidal current in the Yellow Sea and the Bohai Sea. From these studies, many characteristics of the tide and tidal current in these sea areas have been explained, but the characteristic and cause of dissimilarity between the tide type and tidal current type have had no effective interpretation.
In this paper, based on the three-dimensional model established by Backhaus [6, 7] , the five layers tidal currents fields of M 2 , S 2 , K 1 and O 1 constituents were computed hourly in a period in the Yellow Sea and the Bohai Sea. Meanwhile, the harmonic analyses for the measured data from tens of stations were performed. The result of numerical model agrees well with the harmonic analysis. Therefore, convergent and divergent phenomena of tidal current constituents and causes of dissimilarity between the tide type and tidal current type in these sea areas have been explained.
Calculation method
Vertical arrangement of grid-points in an x-z section and horizontal distribution of grid-points are illustrated in Fig. 1 and Fig. 2 .
In the computational sea area, the depth of water is separated into L levels and the thickness of each level is
In a Cartesian system with horizontal coordinates x , y and vertical coordinate z , vertically upward from the mean sea level, the equations of motion and the continuity equation are vertically integrated over a depth range l h , the follow equations are obtained:
where u 、 v and w are the current components in x 、 y and z directions respectively; 
, and the exponential 
where 1 A , 2 A and 3 A are computed based on the known variables U , V and ζ etc. which are obtained at the n th time step.
By substituting Eq. (3) into Eq. (6), the linear system of equations, which is the final version of horizontal implicit system, is obtained: 
where ω is the relaxation parameter; B and C are computed based on the known variables U , V and ζ of the n th time step;
are based on the known variables t ∆ , x ∆ , y ∆ and the depth of each point. Fig.2 shows the positions from 1 to 9.
By using the method of successive over-relaxation (SOR), the solution of Eq. (7) is obtained. By substituting the elevation of the ( 1 + n ) th time step into Eq. (4) and Eq. (5), the vertical implicit system is obtained: By using the speedup method in solving Eq. (8) and Eq. (9), the horizontal currents of the ( 1 + n ) th time step are obtained. By substituting the horizontal currents of each time step into the continuity equation:
The vertical currents of each time step are also obtained. By using the time-average over a tidal period for the horizontal and vertical currents, the tide-induced horizontal and vertical residual currents are finally obtained.
In this paper, the model domain includes the Bohai Sea and the Yellow Sea north of 33°N, and the horizontal grid spacing is as follows: In the given equations, the horizontal eddy viscosity parameter H A is s cm 2 7 10 , the vertical eddy viscosity parameter V A is 8 s cm 2 , the bottom frictional factor r is 4 10 − , ρ is constant, I is zero when the barotropic model is used, 1 τ is zero when the effect of wind is ignored. At the solid boundary, the current speed in the normal direction is zero. At the open boundary, the forced water level is given as follow:
The time step is as follows:
where T is the cycle of tide, N is the number of time steps, 
Results

Convergent and divergent phenomena of the tidal current constituents in the Yellow Sea and the Bohai Sea
The tidal currents of M 2 , S 2 , K 1 , and O 1 constituents in the Bohai Sea and the Yellow Sea were computed hourly in a period,using the three-dimensional nonlinear numerical model presented by Jan.O. Backhaus. Fig.3 and Fig.4 show the numerical calculated distributions of tidal current of M 2 constituent at 00 h and 06 h in surface layer. Meanwhile, the harmonic analyses for the measured data from tens of stations are performed. Measured distributions are illustrated in Fig.5 and Fig.6 . The result of numerical model agrees well with the harmonic analysis.
There are four M 2 tide waves in the Yellow Sea and the Bohai Sea [8, 9] . The computation indicates that three convergent and divergent regions of tidal currents exist at the junctures of these tidal waves. Fig.3 and Fig.4 show that one of these regions is near 39.3°N, 119.1°E in the western part of Bohai Bay. The computations indicate that the tidal currents of M 2 constituent are very weak in this sea area.
The other region lies offshore eastwards in Yantai. Fig.3 and Fig.5 show that tidal current of M 2 constituent is divergent at 00 h, and Fig.4 and Fig.6 show that it is convergent at 06 h in this sea area.
The third region is near 36°N, 123.3°E in the middle of the Yellow Sea. Fig.3 shows that divergent phenomenon appears in east-west direction, and convergent phenomenon appears in north-south direction. Fig.4 shows that convergent phenomenon appears in east-west direction, and divergent phenomenon appears in north-south direction after half period.
The calculations indicate that convergent and divergent phenomena which appear in the second layer to the fifth layer are same as in the surface layer.
The five layers tidal currents fields of S 2 constituent were computed hourly in a period based on the same method in the Yellow Sea and the Bohai Sea. The calculations indicate that convergent and divergent phenomena of the tidal currents of S 2 and M 2 constituents are similar.
There are two K 1 tide waves in the Yellow Sea and the Bohai Sea [8, 9] , and the juncture of tidal waves is in the sea area to the east of Chengshantou. Fig.7 and Fig.8 show the numerical calculated distributions of tidal current of K 1 constituent at 00 h and 06 h in surface layer. The result indicates that one convergent and divergent region of tidal currents exists at the juncture of tidal waves.
The calculations also indicate that convergent and divergent phenomena which appear in the second layer to the fifth layer are same as in the surface layer and convergent and divergent phenomena of the tidal currents of O 1 and K 1 constituents are similar.
Effects of convergent and divergent phenomena of the tidal current constituents on tidal current types Fig.9 and Fig.10 show the calculated distributions of tide and tidal current types in the Yellow Sea and the Bohai Sea.
Effects of convergent and divergent phenomena of the tidal current constituents on tidal current types are as follows:
In the convergent and divergent region of tidal currents of semidiurnal constituents near 39.3°N, 119.1°E, tide is irregular semi-diurnal tide, and tidal current is irregular semi-diurnal tidal current. Fig.3, Fig.4, Fig.7 , and Fig.8 indicate that the cause of this tidal current type lies in the fact that tidal currents of semidiurnal constituents and diurnal constituents are all weak in this sea area.
In the marginal seas adjacent to Yantai, tides and tidal currents appear to have different properties in that tides are regular semidiurnal tides, and tidal currents are diurnal currents. Therefore the directions of tidal currents are different in the two processes of rising tide that occur twice a day. Flood currents appear in the first process of rising tide and ebb currents appear in the next process of rising tide on the same day. This phenomenon is infrequent. The cause of this phenomenon can be explained based on Fig.3 to Fig.8 . In this sea area, Fig 3 & fig 5 show divergent currents of semidiurnal constituents, while Fig 4 & 6 show that 6 hours later there are periods of convergent currents of semidiurnal constituents. This combination of divergence and convergence makes the currents of semidiurnal constituents very weak. Conversely, in same sea area, Fig 7 & Fig 8 show that there is no convergent or divergent phenomenon observed in the currents of diurnal constituents and the currents of diurnal constituents are relatively strong.
In the convergent and divergent region of tidal currents of semidiurnal constituents near 36°N, 123.3°E, the tide is the regular semi-diurnal tide, and the tidal current is the irregular semi-diurnal tidal current. The cause of this phenomenon can be explained by consideration of Fig.3, Fig.4, Fig.7 , and Fig.8 . In this sea area, the currents of semidiurnal constituents and diurnal constituents are all weak and have few differences from each other on numerical values.
In the convergent and divergent region of tidal currents of diurnal constituents to the east of Chengshantou, tides are irregular semi-diurnal tide and diurnal tide, while the tidal current is regular semi-diurnal tidal current. The causes of these phenomena are as follows: 1) an amphidromic point of semi-diurnal tide wave appears here [8, 9] . The computations indicate that the tides of semidiurnal constituents are very weak, and the currents of diurnal constituents are relatively strong. 2) Fig.7 and Fig.8 show that the currents of diurnal constituents are very weak here.
Conclusions
Three convergent and divergent regions of tidal currents exist in the junctures of four semi-diurnal tide wave systems, and one exists in the juncture of two diurnal tide wave systems. The computations indicate that the tidal current constituents are very weak here. The convergence and divergence of tidal current constituents is the probable cause of the dissimilarity between the tide type and tidal current type in these sea areas.
